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INTRODUCTI ON

The Navy continues to be concerned with both the length of the
government procurement process for training devices and the cost of
obtaining training equipment. Traditionally, the Navy Training Systems
Center (NTSC) plays the central role in procuring training devices for
the surface Navy. Under NTSC procedures, six to seven years may elapse
between the identification of a new requirement and the completion of a
training facility. Alternative methods of acquiring training devices
and/or training systems may reduce both the cost of the system and the
time necessary to field the system. This report examines and evaluates
alternative acquisition strategies the Navy currently uses to a limited
extent. Comparing these less frequently used options with the typical
method of procuring training systems reveals the merits and drawbacks of
each approach.

The report begins with a brief description of the alternative
acquisition strategies. The alternatives include:

" Leasing training equipment

" Bundling training devices and support

" Purchasing training services.

A review of the NTSC proeirement process for obtaining training devices
suggests that devices might be acquired more quickly and at lower cost"%

under the alternative strategies. This paper then describes the statu-
tory and regulatory requirements that pertain to trainer acquisition.
It goes on to consider the effect of each strategy on the scheduling of
students for training, the quality of instruction, the budgeting pro- ...
cess, manpower requirements, and sea/shore rotation ratios as well as •
cost and time lines. The section following thereafter describes several
current programs in which the Government is pursuing a training-services
approach. These examples offer guidance to the implementation of future
training acquisitions. The report concludes with a discussion of the
applicability of the procurement initiatives to current Navy training
programs.

A lack of quantifiable data constrained this study. As a result,

discussion with project managers at NTSC, Navy and Air Force representa-
tives, contractors, and contract specialists in the Government provided
the observations and insights used to evaluate the alternatives. A
review of statutory requirements as well as Department of Defense and S

Department of the Navy regulations, which restrict the implementation of
each alternative, reinforced these discussions.
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ALTERNATIVE ACQUISITION STRATEGIES

Several alternative methods for obtaining training equipment ano/or
establishing training systems offer the potential for quicker, less
costly acquisition. Typically, the Navy obtains training systems in a
somewhat fragmented manner. The NTSC assumes the main responsibility
for training-device acquisition. However, training devices are only one
part of the overall training system. The Navy must also provide facili-
ties, instructors, and curricula, as well as maintenance, support, and
modification of the training equipment.

The Navy relies on contractors for many of these separate func-
tions. For example, the Navy recently switched to contractor main-
tenance of simulators under the Contractor Operation and Maintenance of
Simulators (COMS) program. However, in cases where the Navy assigns
different contractors to different tasks, determining accountability for
the operation of the training system becomes difficult. The difference
between the current system and the alternatives under study lies not in
the use of the contractors but in tying together some of the separate
functions and assigning them to a single contractor.

The alternatives considered here are:

" Leasing training equipment

" Bundling training devices and support

" Buying training services.

These alternatives, with some variations, represent the different
types of acquisition strategies being developed by the Navy and the Air
Force. The options differ according to the role they assign to the
contractor in developing a training system. Under the leasing opticn,
the contractor provides only the training devices. At the other end of
the spectrum, the training-services option, the contractor provides a
comprehensive training system. This option seems to be a promising
acquisition method for training.

Under the leasing option, the Navy obtains training devices and
maintenance in a leasing agreement. The Navy separately procures or
provides other training system components. This option receives little
consideration in this study but provides a useful point of reference in
the comparison of alternatives.

The bundled purchase of training devices and support resembles
leasing in that the contractor provides maintenance and support along
with the training devices. However, in the bundled-purchase option, the
Navy initially purchases the equipment and subsequently pays the
contractor for maintenance support. The maintenance contract ties
payments to equipment availability rates and assesses penalties for

-2-

| --'s



SJ -i ..a _X -. 4 _F

failure to achieve the specified rate. NTSC recently proposed this
acquisition strategy for Device 20A66, a surface tactical team
trainer. Under this proposal, the contractor would be liable for main-
taining the equipment at a 95-percent availability rate.

Under the training-services option, the Navy purchases training
rather than training equipment. The Navy specifies the performance
level to be achieved by the student rather than the type of equipment to
be used in conducting training. This allows the Navy to minimize its
role in the development of the training system. The contractor builds a
facility, obtains the training devices, hires instructors, and develops
the curricula. The Navy sends students to the training facility and
specifies the criteria by which the training is evaluated. The Navy
recently met the need for ship-handling training at the Surface Warfare
Officers School by adopting this strategy.

Together, these three strategies and the typical procurement pro-
cess provide a continuum of alternative acquisition strategies that vary
in the roles assigned to a (single) contractor. Table 1 exhibits the
different levels of responsibility taken on by a single contractor under
the different acquisition strategies. The Navy can then choose the most
appropriate method for a given procurement.

THE NTSC PROCUREMENT PROCESS

A detailed description of the NTSC procurement process helps ex- P
plain why the process is so lengthy and identifies the steps determining
the time lines. A discussion of this topic is included in this sec-
tion. Appendix A provides more detailed information.

NTSC involvement in the acquisition of a surface warfare training
device begins with an operational requirement from the sponsor, OP-03.
Training systems and devices fall into either the weapon-system-specific
category or the generic category. Weapon-system-specific trainers teach
operational and maintenance skills for weapon systems. Generic trainers
teach skills such as tactical decision making or fire fighting.

Within the surface warfare area, the Navy procures generic trainers
through NTSC. The Navy procures weapon-system-specific training equip-
ment through two independent paths. The traditional procedure assigns
the major role to NTSC, which conducts the initial analysis, issues the
requests for proposals, awards the contract, and oversees the activities
of the contractor following source selection. For weapon-system-speci-
fic trainers, the program manager for the weapon system may choose to
develop the training system through the prime contractor. (The prime
contractor may subcontract this work to others.) Recently, more program
managers have chosen this path, which may be quicker and cheaper.

-3-



TABLE 1

ROLE OF SINGLE CONTRACTOR

Buying Leasing Training
equipment equipment services

Manufacture Manufacture Manufacture
equipment equipment equipment

Maintain Maintain

equipment equipment

Develop

curriculum

Hire
instructors

Construct
building

Once assigned the task of procuring a training device, NTSC orga-
nizes a project team to oversee the design, development, and acquisition
of the training device. A project manager from the Program Management
Department heads the team, which also includes representatives from the
Training Analysis and Evaluation Department, the Engineering Department,
the Fleet Support and Field Engineering Department, and the Contracts
Department. The teams remain together for an average of seven to ten
years. Table 2 summarizes the major responsibilities of the representa-
tives of these departments.

This NTSC acquisition process consists of four components:

" Analysis

" Development

" Support

" Funding.

The analysis phase precedes development, which, in turn, precedes sup-
port, although support planning will begin much earlier in the pro-
cess. Funding needs to be planned as early as possible to ensure that
dollars are available as and when they are needed.

-4-
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TABLE 2

ACQUISITION PROJECT TEAM MEMBERS

Team member Responsibilities

Project Manager Directs activities of acquisition team. Coordi-
nates development of equipment facility require-
ments plans, integrated logistics support (ILS)
plans, and acquisition plans. Conducts military
characteristics and specification reviews.
Coordinates with sponsor on acquisition and
budgetary goals and authority.

Analysis Manager Oversees front-end analysis. Identifies train-
ing deficiencies and alternative solutions.
Develops military characteristics. Provides
data for Program Objective Memorandum (POM) and
Navy Training Plan.

Project Engineer In the contract definition phase, finalizes
precontract award design studies, development of
specifications, procurement documentation, and
technical evaluations of prospective contractor
proposals. In the acquisition phase, respon-
sible for training system design, progress
reviews, and technical acceptance. In the
operational phase, technical manager for life-
cycle modification/modernization changes.

ILS Manager Oversees development of the ILS plan for the
project to ensure effective and economical

support of the device.

Contracts Specialist Prepares invitations for bids and requests for
proposals. Selects negotiation authority, where
appropriate, and type of contract and determines
evaluation factors. Solicits and analyzes bids
and proposals. Makes preaward investigations.
For negotiated contracts, conducts negotiations
and selects offeror.
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Analysis

During the analysis phase, the project Ceam assesses the training
requirement, identifying training deficiencies and alternative solutions
and defining the physical and functional requirements of the device or
system chosen as the best approach.

NTSC and the remainder of the Navy interact a great deal throughout
the acquisition process. In particular, a Fleet Project Team (FPT) of
20 to 30 Navy representatives from operational commands provide advice
and review throughout the development of the training system. The
military characteristics (MC) document, which concludes the analysis
component, defines the basic physical and functional baseline training
requirements of a device. The FPT, relevant systems command, and the
cognizant CNO warfare sponsor review and approve the MC document, which
defines the device to be acquired by NTSC on behalf of the sponsor.
Indeed, it is referred to as a "contract" between the sponsor and NTSC.

Development

The development component of the acquisition process includes the
development of the acquisition package, the solicitation of proposals,
the evaluation of proposals, the selection of the contractor(s), and the
project performance by the contractor(s). This component is divided
into three phases, request for proposal (RFP), source selection, and
contractor design and development.

During RFP generation, the NTSC project team assembles an acquisi-
tion package containing all of the data necessary to go to contract.
The package defines the requirement and contains the authorization to
fund the requirement. The project manager concurrently develops an
acquisition plan, which describes the contracting activities proposed
for the project, and a proposal evaluation plan, which describes the
methods to be used for evaluating contractor proposals. Both must be
submitted for approval by the Assistant Secretary of the Navy for Ship-
building and Logistics (ASN, S&L). Routine approval normally takes
three to nine months. A sole-source justification typically takes from
three months to a year.

During the source-selection stage, the project team issues the RFP,
evaluates the proposals submitted by contractors, and makes a contract
award. The size of the proposals affects the length of the evaluation
period. For example, a 2,000-page proposal may require six weeks to
read. In addition, the RFP must be synchronized with the budgetary
process to ensure that funding authorization coincides with contract
award. During contract negotiation, the contracting specialist negoti-
ates with the selected contractor. The ASN, S&L, must approve a prene-
gotiation memorandum describing the Government's negotiating position.
This normally requires two to three months. Source selection routinely
requires 15 months.

-6-



During the design and development stage, the selected contractor
must perform the required project tasks. The NTSC project manager
oversees the work of the contractor to ensure compliance with the con-
tract. This normally involves numerous conferences, reviews, and
inspections at which the contractor demonstrates progress in the
development of the training device. Separate reviews may be necessary
for the hardware, software, and support project parts.

Support

The support component of the NTSC acquisition process entails the
transition from full-scale development to production, deployment, and
support of the training system. Support continues for the life cycle of
the device/system. However, the support process begins early in the
development of the training system. During the analysis phase, the ILS
manager, a member of the project team, begins to develop an ILS program
for the project. The ILS manager assembles an ILS management team that
establishes, updates, and evaluates the ILS portions of the project.
Preparation of an ILS plan begins immediately after project initiation
with a draft ILS plan.

During the development phase, the ILS management team reviews the
ILS specification in the acquisition package and the RFP. After con-
tract award, the ILS manager holds a series of conferences to review,
update, and approve the contractor's ILS plan. The original manufac-
turer of the training equipment provides logistic support during the
initial support period, typically one year after installation of the
equipment. At the end of this period, the successful biduer under the lo
COMS program assumes responsibility for support of the training device.

Funding

Once analysis establishes the need for a training device, funds
must be obtained for the acquisition. Some governmental unit, along
with the NTSC project manager, must estimate how much the required
device/system will cost (presumably'based upon the typical procurement
process). That governmental unit must then convince the Congress to
appropriate the needed funds. A major command is designated to allocate 0
those funds for the procurement. Those funds must then go through the
proper procurement channels to allow the project manager to commit,
obligate, or expend the funds for the device or system that meets the
requirements. Because of the number of organizations involved in bud-
geting and the numerous iterations of the process, funding should be
planned as far ahead as possible. Indeed, the budgeting process must
begin about three years before the anticipated contract award. This
constraint means that the funding process must begin as soon as the
analysis phase establishes the requirement.

Direct involvement by NTSC personnel in the planning, programming,
and budgeting system (PPBS) cycle occurs primarily in the programming

-7-



phase, when sponsors must identify the authority necessary to procure
the training system. The project manager must submit data for inclusion
in the POM process, including a POM justification data sheet, a cost-
element breakdown sheet, and a funding profile. The POM justification
data sheet lists the device, number of units, location, and costs, as
well as related information on spares, Government-furnished equipment
(GFE), and military construction (MILCON) requirements. The POM
justification data sheet also describes the item and its purpose and
identifies the sponsor. The cost-element breakdown sheet contains
additional information on the device. The funding profile describes all
types of funding associated with the training device procurement.

The project manager assigns various tasks to project team members
to develop the POM submittal. The analysis manager determines the
latest requirements, the number of devices, and when and where the
devices are required. The project engineer generates development sched-
ules, cost estimates, and MILCON and GFE requirements with the assis-
tance of the ILS manager.

The Length of the Procurement Process

Interviews with representatives of NTSC provided some insight into
the factors contributing to the length of the procurement process.
These representatives cited as problem areas the difficulties in
defining requirements, budgeting uncertainties, and production delays.

During the analysis component, the development of the MC document
may require anywhere from four months to four years. The length of the
effort varies with the complexity, controversy, and realism required of
the training equipment. Differences in operational practices in the
fleets make it difficult for the FPT to agree on the requirements of the
system. In addition, FPT members fail to make tradeoffs between cost
and performance, typically opting for the "gold-plated cadillac."

The acquisition process must be synchronized with the budgeting
process. Approval of the military requirements must be matched with
approval of funds. The RFP must be issued no more than a year before
the dollars are appropriated. In addition, any delays in the approval
process slow the procurement process.

Once NTSC issues the RFP and receives proposals, the proposal-
evaluation process begins. Proposals arrive in five volumes: techni-
cal, ILS, systems engineering, administrative, and cost. The increasing
length of both RFP and proposal sizes contributes to the length of the
development phase. NTSC representatives argue that lengthy RFPs result
from the detailed specifications necessary to ensure that the Government
receives the desired training equipment. According to [7], if the RFP
does not definitely stipulate what product is expected of the contrac-
tor, the Government may not receive what is required. The need to
specify requirements with precision undoubtedly contributes to the

-8-
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length of RFPs. However, this does not mean that all of the information

requested in an RFP is critical.

After contract award, the NTSC project manager must organize a
series of design reviews and ILS management conferences to oversee the
contractor's performance. Changes in the nature of the training due to
the changes in operational equipment or tactics require the modification
of the training equipment during its development. In addition, despite
the fact that training equipment is used in controlled environments, the
same Navy standards used in developing weapon systems and ships apply to
training devices. Data requirements relating the operation, maintenance
and support of the device add considerably to both the cost and time
necessary to reach ready-for-training (RFT) status.

NTSC representatives directed most of their comments about the
length of the procurement process to the analysis and funding
components. If, as NTSC representatives suggest, difficulties defining
requirements and obtaining funds are the major sources of delay, then
the effect of the alternative strategies may not be large. However,
evidence on the sources of time savings, obtained from studying examples 0

of the training-services option, suggests that the "alternative strate-
gies" allow significant time savings, especially the areas of develop-
ment and support.

It is useful to have a visual representation of the various tasks
that make up the training system acquisition process, including their •
timing and interrelationships. Because of variations between different
procurements, no figure uniquely represents the trainer-acquisition
process. Instead, figures 1 and 2 describe a representative procure-
ment. Figure 1 is a program evaluation and review technique (PERT)
chart that describes the major tasks, milestones, and workflow.
Figure 2 is a schedule corresponding to the PERT chart. 0

An examination of figures 1 and 2 indicates areas in which
efficiencies may decrease the length of the acquisition process. For
example, the preparation of a military characteristics document (MCD) is
on the critical path. Thus, a reduction in the time to produce an MCD
should lead to a swifter acquisition process. The time necessary to
complete parallel tasks, such as funding, limits such time savings.
Conversely, the development of the training course (TRAINCRS) is not on
the critical path. So, there would be no time savings accruing from a
reduction in the time taken to develop the training course.

Figures 1 and 2 represent the main points of a training-system 0
acquisition process. However, individual training systems will show
marked differences in the complexity and timeliness of their corre-
sponding task schedules, preventing precise conclusions from being drawn
from these figures. "f

-9-



STA[UD GET POMiST BUDGET APRPAWR

TSA ATILSPt.AN RFP PROPOSAL

BUDGET TSD ACOPAC JD

t W- NEGOT CONTRACT FABRICAT DEFNTRAINCRS RFT7 C

ILSDELS

FABRICAT

-- Critical path

TRAN ND- Noncritical path

-S -COMS

Tasks Milestones
TSA - Conduct trining situation analysis START - Initiate trainer system acquisition process

(i.e., requirements definition) ALT - Select one of several alternative trainers
BUDGET - Prepare budgetary information for further development
MCD - Develop military characteristics document POM1ST - Initial POM submission

(i.e.. specifications) POMete. - Subsequent POM and other budgetary
ACOPACK - Develop acquisition package submission&
ILSPLAN - Develop ILS requirements for inclusion TSD - Complete training system specification

in RFP RFP - Issue requests for proposals
PROPOSAL - Proposals are developed, submitted, AWARD - Select contractor for award

and evaluated CONTRACT - Sign contract with successful bidder
APPROP - Obtain appropriation for trainer DES FIN - Completion of training system design
NEGOT - Government negotiates; with selected INSTALL - Install trainer

contractor RIFT - Obtain state of 'ready for training"
FABRICAT - Fabricate the training device END - Completion of trainer life cydle
H'WREDES - Design the hardware
SWREDES - Design the software
ILSDES - Prepare ILS plans
BUILD - Construct any necessary buildngs
TRAINCRS - Develop required training course
113 - Develop and prepare ILS materials
INSPECT - Inspect the installed trainer
ISP - Interim support period by development

contract
COMS - Contractor operation and maintenance

support

TRAIN - Utilize simulator in training Navy personnel

FIG. 1: PERT CHART OF REPRESENTATIVE ACQUISITION PROCESS
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STATUTORY AND REGULATORY REQUIREMENTS

Various statutory, Department of Defense, and Department of the
Navy regulations limit the implementation of these alternative acquisi-
tion strategies.

Regulations Affecting Leasing

Leasing, and, in particular, leasing as a means of acquiring ships,
aircraft, and other equipment, receives close scrutiny by Congress,
which perceives it as an attempt to bypass congressional oversight.
Regulations concerned with leasing seek to ensure that long-term leases
provide a cost-effective means of acquisition. In general, these
regulations discourage leasing if it is more costly than the purchase
option.

The Federal Acquisition Regulations (FARs) establish uniform
procurement policies and procedures for all executive agencies [1]. The
Department of Defense Supplement to the FAR offers additional guidance
for all Department of Defense components. Subpart 7.4 of the FAR deals 0
with the decision to lease or purchase. Subsection 7.401, Acquisition
Considerations, requires a case-by-case analysis of comparative costs
and other factors to determine whether to lease or buy. The factors to
be considered in the analysis include:

-r

" Estimated length of purchase

" Financial and operating advantages of alternative types of
equipment

" Cumulative rental payments for estimated period of use

" Net purchase price

" Transport and installations costs

" Maintenance and other service costs

" Potential obsolescence due to imminent technological
change.

Subsection 7.402, Acquisition Methods, states that the purchase
method is appropriate if equipment will be used beyond the point in time
when cumulative leasing costs exceed purchase costs. The statement does a

not specify the use of discounted costs. However, it is a standard
Government practice to discount leasing costs to a net present vl 1 ue
during the evaluation of hardware-procurement proposals. Use of the
lease method must be to the Government's advantage. However, leasing
can be used if circumstances require the immediate use of equipment to
meet program goals but do not support acquisition by purchase. If a

-12-1
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lease is justified, a lease with option to purchase is preferable. FARs
(Section 17.204) dictate that the lease run for no more than five years,
including option years, unless otherwise authorized by statute.

In addition to the FARs, the justification for leasing requires an
analysis described in OMB Circular A-104 [2], entitled Evaluating Leases
of Capital Assets. This circular specifies a fairly detailed procedure
for making a decision to buy or lease. This procedure must be followed
under any of the following conditions: ..

" The term of the lease, including option years, is five or
more years.

" The term of the lease extends beyond 75 percent of the

asset's useful life.

" The fair market value of the lease exceeds $1 million.

* The asset is built expressly for the Federal government.

" The asset clearly has no alternative commercial use.

" OMB determines that an analysis is necessary.

The main message of the circular is that the least-expensive option
must be chosen. However, if the available options consist of leasing
now or buying later, a cost-benefit analysis to determine when to ac-
quire the equipment must precede the lease/buy analysis. The circular
devotes a great deal of space to outlining the methods for incorporating
any special tax benefits conferred on the lessor through the agree-
ment. This provision seems to be in response to the earlier discovery
that leasing arrangements that appear to be less expensive to the mili- S
tary may be more expensive to the Government because of lost tax
revenues.

Regulations Affecting Support A

Under each of the alternative strategies, the Government can rely
on the original contractor to provide minor modifications to the train-
ing device/system. In one program, the contractor receives authoriza-
tion to make up to $10,000 worth of hardware modifications and up to
$100,000 worth of software modifications. These modifications require
no additional funding authorization but do require formal processing as
an engineering change proposal (ECP). Major changes requiring more S
expensive software modifications require ASN approval and authorization
of additional funds. The Navy reserves the right to submit these ECPs
to competitive bidding.

To implement the option of bundling training devices and support,
NTSC must obtain a waiver of the reliability and maintainability p



requirements from the ASN, S&L. NTSC representatives reported that a
previous request to exempt training devices from heat and vibration
tests required a three-year battle.

Regulations Affecting Training Services

OMB Circular A-76 [3] establishes procedures to determine whether
the Government contracts with a commercial firm for a good or service or
relies on in-house facilities and personnel to provide it. This
circular reflects the underlying philosophy that the Government should
contract with commercial firms for goods and services whenever
possible. The DCNO (Logistics) must review selected contractor and
industrial activities once every five years to determine whether they
are inherently governmental or can be provided by the private sector.

Department of Defense Instruction 4100.33 [4] offers additional
guidance on the applicability of OMB circular A-76. This instruction
lists circumstances when national defense or other considerations pre-
clude the use of contractors. Generally, combat-unique and combat-
related skill-training instruction programs do not satisfy the defini-
tion of a commercial- or industrial-type activity (CITA) and the Navy
need not contract out that type of training. Directive 4100.15 [5]
provides guidance for determining those other skill-training programs
that are not considered CITA.

The Navy's ongoing concern with sea/shore rotation ratios places an
additional constraint on contracting out. According to [61, "(o)ne of
the principal limitations on contracting out a function is whether the
billet assigned to the function is required for national defense (i.e.,
to maintain a rotation base for the career force)." The instruction
states that contracting out initiatives that would drive the sea/shore
rotation ratio for any rating beyond 3:3 will not normally be approved
in the review of the Navy's Contracting Out Plan. In such cases,
initiatives may be approved on an exception basis if they can be clearly
shown to be in the Navy's best interest.

If the Navy does determine that training can be contracted out, OMB
Circular A-O4 requires a cost analysis that compares the cost of con-
tracting out with the cost of an efficient in-house facility. The
efficient in-house facility is not necessarily the same as the existing
training facility. For example, the most efficient facility may employ
civilian Government personnel rather than military personnel but retain
the training facility within the Mavy.

The Government typically uses an indefinite quantity contract to
obtain training services. The FAR, Subpart 16.5, Indefinite Delivery %
Contracts, describes the use of this type of contract. In particular,
Subpart 16.504 states that "An indefinite quantity contract should be
used only for items or services that are commercial products...and when
a recurring need is anticipated." The FAR, Subpart 16.504(a), requires
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that the contract set both a maximum and minimum quantity in which the
minimum quantity must be more than a nominal quantity in which, but not
greater than the amount that the Government is fairly certain to order.

This overview of the regulations governing the procurement process
suggests that, despite a general regulatory philosophy favoring the use
of contractors whenever possible, the Navy must anticipate some institu-
tional resistance to the widespread adoption of alternative acquisition
strategies. Leasing appears to be subject to the most restrictive
regulation, due to perceived abuses of the option in the past. Initia-
tives taken by NTSC, such as the bundling of training devices and sup-
port, quickly ran into a lengthy approval process. This may prove to be
the rule rather than the exception as NTSC attempts to modify the cur-
rent system by introducing some of the features of the alternative
acquisition methods. Whilp this effort is worthwhile, the Navy may be
best able to achieve quicker procurements in the shorter term by adopt-
ing the training-services option, which appears to face the fewest
regulatory constraints. There may be fewer constraints for this option,
however because of the limited types of training contracted using this
method. Attempts to use this option on a wider scale or extend it to
combat training, particularly if this change affects sea/shore rotation
ratios, may generate additional regulations.

EVALUATION OF ALTERNATIVES

Program managers at NTSC and contracting specialists at NTSC, the
Washington Navy Regional Contracting Center (NRCC), and in the Air
Force, as well as contractors in the training device industry, cited
both potential advantages and difficulties with alternative acquisition
strategies. Adoption of these alternatives does appear to create the
potential for both time and cost savings. The implemention of these
alternatives, however, will affect other aspects of' training as well. L
Time Lines

Time savings under the alternative acquisition strategies could
occur in several ways. For example, all three of the alternatives
require the contractor to be responsible for support of the equipment.
This shift in responsibility should reduce many of the documentation
requirements related to support of equipment, such as the ILS plan,
since the same contractor both manufactures and supports the device.
Reducing these requirements would result in significant time savings.
In particular, much time could be saved if the contractor could avoid a
variety of military specifications (MILSPECs). Implementing this
change, however, would require approval from the ASN, S&L.
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The contractor's incentive to complete a project varies with the
timing of compensation. The Navy could increase the contractor's incen-
tives to achieve RFT status by paying the contractor only after
receiving operational equipment or at the completion of a training
course. Partial or full payment during the development of the equipment
or system weakens this incentive.

Adoption of the training-services option changes the type of pro-
duct the Navy purchases and the specification of the requirement. In
purchasing training devices,.NTSC includes an engineering specification
and related military standards in the RFP. Such detailed specifications
allow the contractor little latitude in designing the equipment. It
also tends to increase the complexity of the devices, making their
design and manufacture more difficult and time consuming. In purchasing
training services, the Navy instead must provide performance specifica-
tions identifying the skills to be taught. However, the contractor can
exercise greater discretion in designing a training system, thus allow-
ing its development to proceed more quickly.

Some Government personnel expressed skepticism about the long term
potential for saving time by writing performance specifications. They
cited difficulties in deviating from established procedure and ques-
tioned the desirability of eliminating engineering specifications. NTSC
cited these standards as giving the Government the necessary element of
control over the final product. They argued that without this type of
specification, the contractor is far more likely to develop an unsatis-
factory system. However, the realization of time savings under the
alternative acquisition strategies follows from a performance specifica-
tion and less detailed oversight of the system design. These features
give the contractor greater flexibility, especially with respect to the
technical side of the design process.

Performance Standards .t

The use of performance specifications should shorten the acquisi-
tion process both by allowing the contractor greater discretion during
the development process and by reducing detailed Government oversight
and related documentation requirements. However, several issues need to
be addressed before such a policy can be adopted successfully.

Clearly, writing good performance specifications is essential to
evaluating proposals and the contractor's performance. Carefully pre-
pared performance specifications should reduce management later in the
procurement process. The Navy must recognize, however, that current •
practice supports the use of engineering specifications. Government
personnel qualified to write and evaluate engineering specifications are f-

not necessarily the best qualified and experienced personnel to write
and evaluate performance specifications. In addition, contractors
recommended having senior people with experience in naval operations
identify desired performance in the specifications and to make tradeoffs
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between cost and performance. Once the specifications are written, the
Navy must then give the contractor latitude to develop the training
system with minimal oversight.

Evaluating performance specifications may be more difficult than
evaluating engineering-type specifications. For example, if contractors
determine the type of equipment best suited to teach various tasks, then
the proposals may differ widely in terms of the mix of simulators,
part-task trainers, and classroom training that make up the overall
training system. Under the current system, the Navy determines the mix
of training media in the development of the RFP. While this may limit
the types of alternatives considered, it also limits the contractual
complications resulting from proposal and contractor performance evalua-
tion.

Some types of training may be less amenable to contracting by means
of performance specifications because the desired product is not pre-
cisely defined. Tactical training, which emphasizes such intangibles as
coordination and decision making, may be hard to measure. With team
trainers, the problem becomes more difficult, because the contract

cannot simply specify individual performance levels--the whole team must
be evaluated. When the Navy does the training, this measurement problem
also arises, but the complications associated with writing a contract
for a product that is hard to define do not.

Carefully specified performance standards enable the Navy to evalu- 0
ate proposals and the performance of the contractor after training
begins. The Navy must anticipate that the contractor teaches "to the
test," emphasizing those skills that determine whether or not the
student passes the course. If the test does not reflect the desired
skills, then the contractor may fulfill the terms of the contract
without accomplishing the Navy's training goals.

COMMERCIAL APPLICABILITY AND CONTRACTOR RISK

Acquisition strategies that require a contractor to fund the
development of a training system with reimbursement through leasing fees -"
or per-student charges entail greater risk for contractors and 0
discourage bidding on contracts. Two types of risk affect the decision
to bid on a contract. The contractor faces the risk of being unable to
satisfy the requirement at the fixed price listed in the contract. The
contractor also faces the risk that Congress or the Navy will fail to
fund the training.

The economic theory of agency, or the principal-agent problem, .
provides a framework for analyzing the optimal contract between the
Government (the principal) and the contractor (the agent) in the ..-
presence of risk. In the standard principal-agent problem, the princi-
pal delegates some productive activity to the agent. The agent's effort
in conjunction with unpredictable events determines the outcome.
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The principal must determine the best way to compensate the
agent. Two considerations enter this decision. First, the principal
cannot directly observe the agent's level of effort, only the outcome,
which depends on both effort and unpredictable events (the problem of
moral hazard). Second, the greater the risk to the agent in undertaking
the action, the greater must be the agent's reward. At one extreme, the
principal can make the agent's compensation entirely dependent on the
observed output, creating strong incentives but great risk for the
agent. At the other extreme, the principal can guarantee the agent's
compensation, making it independent of the outcome. This reduces the
compensation required by the agent by eliminating uncertainty but also
reduces the agent's incentive to perform.

Several extensions of the theory of agency address the particular
problems found in Government procurement. The principal-agent framework
has been applied to the problem of designing the optimal incentive
contract. Under an incentive contract, the Government uses a linear
payment schedule under which the contractor receives a fixed fee plus
some proportion of project cost. Both a fixed-price contract and a
cost-plus contract represent special cases of an incentive contract.
The principal-agent framework has also been extended to a multiperiod
situation. In this case, the principal can use the agent's past perfor-
mance as an additional indicator of the agent's effort. Appendix B
contains a detailed explanation of this theory. This theory provides a
theoretical rationale for the tradeoffs between risk, incentives, and
costs discussed in this study.

Under the leasing option, the contractor must invest in the
development of training equipment. Contractors believe this aspect of
leasing makes it the most risky option and have expressed great reluc-
tance to enter into a leasing arrangement. The purchase-and-support
option reduces the risk relative to the leasing option, because the Navy
pays for the development of the training equipment. The contractor
still faces the possibility that the Navy will choose not to renew the
support contract during the option years. However, this "risk" creates
the incentive for the contractor to perform. The risk under the train-
ing-services option depends on the particular contractual clauses
used. The training-services option can be structured to separate
procurement of specialized training equipment from ongoing services such
as instruction and support. Examples of different types of training-
services contracts discussed later reveal how different contractual
features affect contractors' perceptions of risk.

COMMERCIAL APPLICABILITY AND COST

NTSC representatives and contractors agreed that the potential for
cost savings under the alternative acquisition strategies exists only
for training with commercial applications. A firm offering a training
device or facility with both comnmercial and military applications canset prices that reduce the total cost to the Navy by spreading the fixed
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costs of the investment over both types of clients. Without a
commercial market and without a long-term commitment from the Navy, the
contractor faces greater uncertainty about the return on the invest-
ment. Prices reflecting the greater risk may raise the life-cycle 

costs

above the level associated with traditional procurements. Furthermore,
risk indirectly raises costs by discouraging bidding.

Both economic theory and experience in contracting support the
existence of a tradeoff between risk or uncertainty and cost. The Navy
must consider the possible advantages of shifting risk to contractors
against the higher cost. One possible advantage, highlighted in the
principal-agent problem, is to create incentives for contractors to be
responsive by linking payment with performance. However, contractors
identify the main source of uncertainty as being the budget, i.e., fund-
ing. Contractors repeatedly voiced the concern that pressure on the
budget will eliminate funding for training services, preventing the
contractor from earning a return on the investment in the training
facility. Because these funding cuts occur most often for reasons
unrelated to contractor performance, the Navy gains little from shifting
the risk created by uncertain funding on to the contractor.

Quantifying the tradeoff between risk and cost is very difficult.
However, identifying factors that contribute to risk may help determine
the best acquisition strategy for different procurements. Contractors'
perceptions of the risk associated with investment in a training faci-
lity depend on (1) the commercial applicability of the training
facility; (2) the nature of the requirement; and (3) the size of the
investment relative to the size of the company providing the training.
If funding seems assured, because the requirement is predictable, long
term and noncontroversial, then the risk should be lower. Finally, some
companies may be able to absorb risks with no special contract provi-
sions. This is not an option for smaller firms for whom the termination
of a contract could mean bankruptcy. Some well-known, established,
training-services companies fall into this category.

While considerations of risk may dom ate the cost of training
under alternative acquisition strategies, these alternatives offer other
sources of cost savings. Saving time often implies saving money. For
example, contractors cited reduced documentation requirements relating
to maintenance and support as a source of both time and cost savings.
The fact that Navy personnel must also attend to professional develop-
ment and other military duties indicates that private firms may be able
to accomplish the same tasks with fewer workers, reducing the cost of
training to the Navy.

Sole-Source Reprocurements

Several NTSC representatives voiced the concern that the alterna-

tive acquisition strategies lock the Navy into a sole-source position at
the expiration of the contract. The Competition in Contracting Act of 0
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1984 established full and open competition as the standard contracting
method of procurement. As a result, the FAR requires special approvals
before the contracting officer begins negotiations for a sole-source
procurement. The contracting officer must justify the sole-source
procurement by citing one of seven exceptions designated by Congress.
Of these, NTSC currently cites the existence of only one responsible
source or an unusual and compelling urgency in justifying about
90 percent of its requests for other than full and open competition [7].

In a sole-source environment, the contractor may adopt a "pay me
now or pay me later" attitude, offering initially modest per-student
fees and then raising them at the expiration of the original contract. 'S

The Navy then may encounter great difficulty finding a substitute. If
the Government does not pursue a sole-source reprocurement, problems may
arise. Other contractors may attempt to win the reprocurement with an
unrealistically low bid. Because contracting officers find it easier to
justify low bids, this strategy may work, leaving the Navy faced with
poor-quality training. In summary, by leasing or contracting out train-
ing services, the Navy either ends up with too high a price (the
original contractor gouges the Government) or too low a price (as
contractors with inadequate facilities try to "buy in" to the
contract).

If the potential payoff is large, the Navy can use some type of
"flyoff" in which two contractors develop a prototype training system.
The Air Force implemented this procedure in a limited way to procure a
C-17 training facility. In the first stage of the solicitation, two
contractors will design a training system. Then, the Government will
select one of the contractors to develop the actual training system.

Another approach to this problem is the use of a fixed-price option
to buy the training equipment and specialized facilities along with any
documentation to operate the training facility as a part of the original
contract. However, the decision to exercise the purchase option may
require either a substantial lead time (to ensure the availability of
the appropriate funds) or the reprogramming of funds.

The problem of sole-source reprocurements arises under all the
acquisition strategies, including the traditional procurement process.
NTSC awards production contracts to the firm awarded the prototype
development contract about 80 percent of the time. The crucial concern
is whether the alternative strategies make this problem greater by
discouraging contractors from bidding on contracts and allowing the
incumbent to charge prices above competitive levels. This may occur if
the alternatives entail greater risk for the contractor. However,
contractual methods that reduce risk to the contractor should reduce
this problem.
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Equipment Modifications

Training devices undergo frequent modification to reflect changes
in operational equipment. Small changes in the operational equipment
may mean major changes in the software driving a training device.
Recent emphasis within the Navy on concurrency between training system
development and operational equipment exacerbates this problem. The
current system lacks any established procedure to ensure that equipment
receives the necessary modifications. Indeed, one of the major advan-
tages of the alternative acquisition strategies is that they specify a
means of accomplishing engineering changes before changes are required.

No consensus emerged in this study on the best acquisition strategy
to ensure timely modifications of equipment. Both the leasing and
training-services options create strong incentives for firms to respond
to changes in both technology and operational equipment. The contractor
must stay current to be assured of contract renewal or, in the event of
losing the lease, to find new clients.

The counterargument, in the case of the training-services option,
focuses on the difficulty of establishing a fixed price per student
given the frequency with which modifications occur. A contract based on
a fixed fee per student does not seem amenable to constant modifica-
tions. However, pricing equipment modifications separately from
instructional services addresses this concern. Several examples of the
training-services option use this procedure. 0

Under current acquisition procedures, the development of a proto-
type trainer precedes the contract award for the production units.
Typically, research and development (R&D) accounts in the Navy budget
fund this effort using a cost-based contract. The prototype trainer can
serve as a basis for establishing the fixed price per student. Because
the Navy seldom requires training devices in large numbers, manufac-
turers do not expect to realize significant economies of scale, and the
cost of the prototype should be a reliable predictor of production
costs, after one allows for one-time R&D costs. A prototype establishes
a benchmark against which other firms must compete, perhaps by
developing an alternative prototype. Furthermore, the contract need not
specify a fixed price per student if the program manager anticipates
frequent modifications.

Instructor Quality Control

Contracting for training services may result in lower quality of
instruction if instructors lack military experience with the operational
equipment. However, training-services contracts typically include a
clause giving the Navy some choice in selecting instructors. Contrac-
tors often hire recently retired Navy personnel to staff their
projects. The Navy may decide to use some mix of civilian and military
instructors, with Navy personnel acting as subject-matter experts and P
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advisors. Gradual implementation of contract instruction should ease
the transition and alleviate some of the concerns. In addition, the
Navy maintains some control through its ability to terminate the con-
tract and suspend payment.

These considerations do not mean that the Navy maintains complete
control over the quality of instruction. Instructors, whether retired
Navy personnel or not, must keep current with Navy practice. The deci-
sion not to exercise an option to punish poor contractor performance
inevitably disrupts the training process, and there may be close-out
costs as well. However, the Navy maintains some checks on contractor
performance and the quality of instruction.

Team Trainer Scheduling

Team trainers provide training for established teams within the
fleets. Uncertainties about ship employment make it difficult to
schedule these students, resulting in a training facility that sits idle
during some periods and is used to capacity at other times. A leasing
or training-services contract, as an indefinite-quantity contract,
typically contains a clause that guarantees payment for a minimum number
of students, whether or not those students appear. The Navy may pay for
scheduled, not actual, training. If the Government buys a facility, the
operators and maintenance workers upgrade and maintain the equipment
during slack periods while instructors update the curriculum, analyze
the results of tests, and attend to their own professional development.

This argument fails to establish a case against alternative
acquisition strategies because the problem of idle equipment and
instructors is the same whether the Navy buys equipment or leases equip-
ment or purchases training services. When the Navy owns the equipment,
the cost is implicit. The benefits accruing to the Navy from the equip-
ment fall when the equipment is underutilized. When the Navy purchases
training services or leases equipment, the cost is explicit. While
explicit costs tend to be more noticeable than implicit ones, the loss
of benefits because of scheduling difficulties is the same. The Navy
may be able to reduce the potential dimensions of the problem by
specifying a matrix of prices and enrollment levels stating the payment
to be made to the contractor for different levels of attendance.

Budgetary Considerations

Use of the alternative acquisition strategies requires funding from
different budget appropriations than under the traditional procurement
process. Under the current system, the RDT&E appropriation provides the
funds for the development of prototype equipment. The Five Year Defense
Plan (FYDP) further categorizes these funds according to their use.
NTSC uses 6.3 (Advanced Development) and 6.4 (Engineering Development)
funds for most of their projects. Investment funds such as OPN (Other
Procurement, Navy) provide the monies used to obtain production units.
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The Military Personnel account provides funds for military instruc- 0
tors. The O&M,N account provides funds for ongoing services such as
maintenance and support and civilian instruction.

The alternative acquisition strategies require a shift in funding
from these accounts to Operation and Maintenance. In general, the O&M,N
account receives less congressional scrutiny and oversight. However,
many claimants compete for these funds, which may be the first to be cut
under budgetary pressures. A major shift in funding for training from
the traditional accounts to the O&M,N account could introduce an
undesirable element of inflexibility into this account.

Manpower Requirements and Shore Billets

The alternative acquisition strategies generate substantial man-
power savings by eliminating billets for operation, maintenance, and
instruction. Given that manpower authorizations are less than require-
ments, the loss of such billets will not result in a loss of manpower
and the Navy will be able to shift scarce billets to warfare areas.
This factor apparently underlies the Navy's decision to eliminate
simulator maintenance as an occupational specialty. However, this
change also decreases shore billets, increasing sea-to-shore rotation
ratios. In some occupations, a position as an instructor provides the
only type of shore duty that allows an individual to use specialized
skills. If these skills deteriorate rapidly with lack of use, then
elimination of shore billets may adversely affect productivity. In
addition, higher sea/shore rotation ratios have a well-known adverse
effect on retention.

Navy policy on this point is clear. According to OPNAV Instruction
1000.16F, Chapter 6, Section 623, "(o)ne of the principal limitations on
contracting out a function is whether the billet assigned to the func-
tion is required for national defense; i.e., to maintain a rotation base
for the career force." The Instruction explicitly states that retention
of needed shore billets takes precedence over contracting out.

The potential dimensions of this problem if the Navy adopts the
training-services approach on a large scale are unknown. However, some
considerations suggest that the impact may not be excessive. First, in
adopting this approach, the Navy must train personnel to write perfor-
mance specifications. Contractors constantly cite the need to use
members of the fleet in developing the desired characteristics of the
training system. The Navy can create new billets for subject-matter
experts to be filled by fleet members assigned to shore duty. Second,
the adoption of training services can be phased in gradually, to prevent
any sudden, sharp decline in shore billets. Finally, with increasingly
complex weapons systems, Navy personnel may need to spend more and more
of their shore duty as students.
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Conclusions

The training-services option appears to offer the greatest poten-
tial for time and cost savings. Savings would be realized because of
the efficiencies gained when a single contractor is responsible for the
complete training system and from a reduction in adherence to
MILSPECS. However, the realization of time savings under this strategy
depends in part on the ability of the Navy, as an institution, to adopt
performance specifications that state requirements in terms of learning
objectives for the student. This change may require development of new
expertise and techniques for evaluating training. It also requires a
change in the philosophy of acquisition that currently favors the use of
engineering specifications for equipment to guarantee the satisfactory
delivery of one component of a training system, the training device.

The realization of cost savings under the training-services option
depends largely on the question of risk. In the case of contracting for
training with purely military applications, the Navy must anticipate the
concerns of contractors trying to recover the investment in a
specialized training facility. In particular, funding uncertainties
will inhibit competition in procurements, requiring the contractor to
invest substantial amounts of money without a guaranteed return, even if
the contractor performs in a satisfactory manner. Greater risks require
greater rewards, which translates into higher prices for the Navy.

Other concerns about training services merit attention but do not 5
eliminate the option as a viable method of acquisition. The Navy should
avoid being "locked in" to a sole-source reprocurement by including "buy
out" options in the original contract. Greater attention paid to pro-
jected enrollment and the goals of the training allows the Navy to
tailor the contract to the specific training requirement, reducing
contractual complications later in the process.

If the Navy decides to adopt the training-services approach on a
large scale, then two other considerations may become very important,
including the budgetary impact of this strategy and the effect on shore
billets. The shift in funding for training under this option may create
great uncertainties about the continuity of the training program. Ar
adverse impact on sea/shore rotation ratios may generate opposition to
the option.

EVIDENCE FROM NAVY AND AIR FORCE PROGRAMS

Studying examples of the alternative acquisition strategies reveals ,
various drawbacks encountered in adopting nontraditional procurement
processes. There are lew, if any, examples, however, of leasing in the
Navy training establishment to study. NTSC recently proposed using the
purchase-and-support option in an acquisition, but no evidence on its
effectiveness is available. Some examples of the training-services
option drawn from the Navy and the Air Force illustrate the potential 5
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cost and time savings to be achieved under this strategy. These
examples provide some indication of the performance of contractors under 0
this strategy as well as the difficulties in implementing this
strategy. Several other related programs involving contract instruction
provide some indication of the problems involved in scheduling and
quality of instruction. Studying these various examples provides
insight into the appropriateness of applying these strategies to
different types of training systems.

Navy Ship-Handling Training

The Navy recently met the requirement for ship-handling training at
the Surface Warfare Officers School (SWOS) by awarding a contract for
training services to Marine Safety International (MSI). The contract
commits MSI to construction of the building, purchase of training equip-
ment, and development of coursework. Both MSI and its parent company,
Flight Safety International, conduct their training business for commer-
cial and military clients in this manner.

The Navy secured MSI's training services through a competitive
procurement in which MSI made the low bid. The contract lasts for one
year with four option years. Under the terms of the contract, MSI
receives a flat fee per trainee. The Navy guarantees payment for a
minimum of 790 students per year but may enroll as many as 1,200.

The time line specified in the original proposal, 18 months from
the contract award to the RFT date, was met even though the facility
includes additional features not found in the proposal. Construction
of the training facility began in August of 1986 and was completed in
July 1987. In January, training began with two simulators. MSI added
two more simulators in July. According to Navy representatives at SWOS,
the period from contract award to RFT typically lasts two to three years
under NTSC procedures.

MSI representatives believe that private contractors can field
training equipment more quickly because they use equipment that meets
"acceptable commercial standards" rather than detailed military specifi-
cations. Construction of the building that houses the simulator a
required less time than a similar facility built by the Government
because the contractors dealt only with one organization (the Navy) from
start to finish.

The costs of training services under this arrangement fall signifi-
cantly below the estimated costs of a Navy-owned and -operated facility
over the five-year period. NTSC originally estimated the cost of the
program over five years at $15 million. MSI obtained the contract with
a low bid of $3.9 million over five years. However, additional features
requested after contract award raised this figure to $6.9 million. Even
if one assumes that the original NTSC figures were inflated budget
submissions and that MSI's original proposal was artificially low, the
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magnitude of the disparity between the two figures suggests significant
cost savings.

MSI representatives agreed that the ability to avoid documentation
enters into their cost estimates for training services, noting that the
cost of such documentation often exceeds the cost of the product in the
case of software development. However, MSI also claimed that at current
levels of utilization, the facility at SWOS is not a money-making opera-
tion. Their January press release suggests the Navy currently uses only
60 percent of the capacity of the facility.

The contract includes several provisions designed to protect the
Navy against unsatisfactory performance by the contractor. The agree-
ment allows the Navy to terminate the agreement after the first year if
the training services prove unsatisfactory. The contract also includes
an option granting the Navy the right to buy the equipment at the end of
the four option years. This clause does not include an option to pur-
chase the building housing the training. The MSI facility includes a
generic full-bridge simulator that required a specially designed
building. The Navy's specification for a vertical scene and current
technology in the area of projection determined the building specifica-
tions.

Soon after the Navy awarded the contract to MSI, SWOS received a
request from the fleet to develop an additional ship specification
(aircraft carrier) and an additional harbor. MSI agreed to develop the
necessary software for a one-time charge, which varies with the
complexity of the ship/harbor. MSI retains copyright over the software
even if the Navy exercises the purchase optional and buys the simulator.

Navy Air Crew Training

In the aviation area, NTSC manages two training-services
programs. For about 20 years, NTSC has purchased training for the C-12,
C-19, and C-131 aircraft from several companies, including FSI, Simu
Flight, Frontier Airlines (prior to its bankruptcy), United Airlines,
and American Airlines. This provides a counterexample to the claim that
the Navy becomes locked in to a single contractor under this option.
These aircraft do have commercial applicability, however, and so more
competition for the training is expected. More recently, in August of
1986, NTSC secured training services for the E-6A TACOMO program. These
planes, which are modified Boeing 707s, supply strategic comunications
with Trident submarines and cost about $90 million. Because the Navy
requires only a few of these planes, purchasing training planes did not

appear to be cost effective.

The contractor provides a ground school, training aircraft, and 1
uses simulators provided by the Government. The contractor teaches

standard flying skills, and Navy personnel handle the sensitive military
communications work. The Navy benefits from the TACOMO program because
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the contractor handles the maintenance of the training equipment and the
Navy need not commit scarce pilots to training billets.

Navy Reserve Training

Flight Safety International (FSI) provides training services to the
Navy Reserve under two different contracts. In each case, the Navy
specifies the courses to be developed. FSI complies with the contract
by building a facility, obtaining training equipment, and operating and
maintaining the facility. These programs have been ongoing since at
least the early 1970s.

FSI provides services under an indefinite-quantity contract written
for one year, with three option years. The contract is recompeted
during the last option year. In the past, only one or two contractors
(including FSI) bid on the contract. This fact may indicate that other
contractors see little opportunity to win a contract when a company is
well established. However, a contract specialist familiar with these
cases reports a growing interest in these contracts by other firms,
particularly those with established operations providing similar
services to the civilian community.

The total value of one of the current contracts is $3 million,
ranging from an annual value of $.5 to $.75 million. The annual guaran-
tee is only $10,000. FSI provides the instructors for these training
programs. The Navy exerts control over the quality of the instructors
only during the proposal-evaluation stage.

Navy Vocational Training

Congressional cuts in Navy manpower in the 1980 POM reduced by 526
the number of billets for the central Navy training organization, the
Chief of Naval Education and Training (CNET). The Chief of Navy
Technical Training (CNTECHTRA) responded by developing a program for
contract instruction that currently employs 1,069 instructors at five
different sites. The program's current appropriation is $38 million per
year. CNTECHTRA uses contract instruction primarily for A-school
training but also for some C-school and P-school training.

The contract-instruction program differs from the training-services
option in that the Navy provides the facilities and equipment. Discus-
sions with CNTECHTRA representatives, however, provided useful informa-
tion on the question of scheduling and quality of instruction.
Originally, CNTECHTRA contracted with state institutions (which do not
earn a profit), using sole-source procurements and cost contracts.
Recent emphasis within the Navy on competition, however, means that
CNTECHTRA now must seek competition for these contracts on a fixed-price
basis. Student loading poses a problem with fixed-price contracts
because the number of recruits surges during the summer months. This
surge appears later in the A-schools and C-schools. On aierage, the
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Navy training plan specifies 95 percent of actual throughput, but in
FY 1984, the actual number fell way below the plan. Typically, in years
with poor recruiting, actual attendance falls short of the anticipated
level. Under a cost contract, the schools refund any money they save
when the actual student count falls below the estimated number. Under
an indefinite-quantity, fixed-price contract, the Navy must guarantee
payment for a minimum number of students whether or not they appear.

Recently, CNTECHTRA chose a training program with a relatively
stable student flow to serve as a pilot program for competitive procure-
ments. CNTECHTRA found the resulting award to be successful, following
some initial uncertainties. CNTECHTRA representatives believe that,
with enough experience, scheduling should not pose insurmountable
difficulties in contract training.

The question of quality control over instructors seemed to pose Pow
problems. Many contractors hire retired Navy personnel to act as
instructors, especially when training is conducted near the Navy bases
where many retired Navy personnel live. In San Diego and Memphis,
95 percent of the instructors are former Navy personnel. This
percentage falls to 60 percent at the Great Lakes facility, the lowest
level at the five sites.

Air Force Flight Training

According to the Assistant Deputy Commander for Simulators,
Aeronautical Systems Division, USAF, the Air Force recently initiated a
new program for acquiring training systems, the Total Contract Training
(TCT) system. The TCT program is based on the concept of complete
reliance on contractors for development and operation of ground-based
portions of training systems.

Manpower authorization constraints prompted the Air Force to adopt
the TCT program. Like the Navy, the Air Force eliminated the simulator
maintenance occupational specialty to move those manpower slots to
operational billets. The Air Force also decided to move pilots acting
as instructors to warfare positions. If pressure on manpower levels
continues, the program is expected to expand despite some institutional
resistance within the Air Force. The expectation of greater efficiency
in terms of cost in the provision of aircrew training also influenced
the decision to purchase training services.

The MAC program covers three kinds of cargo planes--the C-5, C-130,
and C-17. While the Air Force had previously awarded a contract to
train KC-10 tanker pilots to American Airlines Training Division, it
formally initiated the TCT program by contracting with United Airlines
for crew training for the C-5 aircraft. The Air Force awarded a second
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TCT contract for the C-130 aircraft in April 1987. Source selection for p
a training program for the C-17 aircraft is underway. This program
poses the greatest challenges to the contractor who must design the
training system concurrently with the development of the aircraft.

The TCT program allows training devices to arrive in the field more
quickly. In the Air Force, the procurement of training devices
typically requires four years from RFP until the RFT date. (This figure
refers only to obtaining equipment and does not include curriculum
development since, prior to the inception of this program, the Air Force
developed the curricula in-house.) In the case of the C-5 program, the
Air Force issued the RFP on 6 November 1984, and the contractor held the
first Course Readiness Review, a final stage in training system
development, on 8 December 1986.

The potential for quicker and cheaper procurement arises because
the Air Force adopted a strict hands-off policy, substantially reducing
the number of interim reviews required and providing generally less
oversight. The Government issues an RFP with the desired performance
standards to be met at the end of the contract. The contractor deter-
mines how to meet those requirements. In the case of aircrew training,
the Air Force issues an RFP specifying the type of training need, the
expected level of throughput, and the "output" of the training. The MAC
programs require that students pass a check ride with an Air Force
evaluator or return to the course at contractor expense. Air Force
representatives consulted about this project unanimously agreed to the
importance of reducing Government oversight of the program to speed the
development of the training system.

The RFP includes limited military standards (MIL-STDs), minimizing I
them whenever possible, and directs the use of the best commercial
practices in their absence. The FAA certifies that the simulators
replicate the aerodynamics of the particular aircraft. The FAA performs
this function for all commercial aircraft simulators. The key to the

elimination of MIL-STDs in nonaviation training (for which there is no J
counterpart to the FAA) is to specify the equipment as nondevelopmental
items (NDI) or a modified NDI.

The TCT plan addresses the question of contractor risk, in part, by
separating procurement of the training device from the provision of
training services. Because the Air Force provides funding for training
device development, the Government owns the equipment. In most cases,
the Government takes title when the contracting officer's technical
representative signs the DD Form 250, typically when the training device
is shipped to the site. In other cases, the Air Force delays taking
title, providing title to any training devices to the contractor who
assumes responsibility for its operation and support during the life of
the contract.

-
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In specific cases, the Air Force furnishes the equipment to the
contractor. In the case of the C-5 program, the Military Airlift
Command provided United Airlines with some devices and spares. The
simulators, however, were obsolete and required extensive overhauls. In
addition, United Airlines built several new training devices. In the
case of the C-130 program, the Air Force possessed relatively new
simulators that were recently fitted with new visual systems. The Air
Force provided these to the contractor who assumed responsibility for
the operation of an existing training facility.

The option years extend 14 years beyond the original 1-year :2
contract. The Air Force applied to the DAR Council for a blanket waiver
to the contract length requirements for all training contracts. The
Council refused to issue the waiver and referred the matter back to the
Air Force commands, suggesting that the commands issue waivers on an
individual project basis.

Each year before exercising the yearly option, the contracting
officer must "test the market." After two to three years, the system
achieves a fairly stable configuration, and another contractor may be
able to offer training at a price below the option price. In addition,
the list of contractual delivery items includes a complete data package
that would allow another contractor to assume operation and support of
the training system. The option years and data package provide some
protection to the Air Force against becoming locked in to a single
contractor.

Modifications to the system need not require renegotiation of the
contract. The Air Force distinguishes between minor anu major modifica-
tions. The minor modifications meet predetermined definitions expressed
in lines of code for the software and dollar figures for hardware.
After a Training Systems Readiness Review, program management shifts to
the Air Force Logistics Command (AFLC). Minor modifications require
approval only from the using command. AFLC must approve major
modifications for which competition might be sought. The contract
requires the prime contractor to cooperate fully in this situation. 0
Modifications that affect curricula require approval from the using
command.

The contract addresses the problem of uncertain student enrollment
by specifying figures in a potential throughput matrix. This matrix
lists price/throughput combinations to which the firm agrees at contract
award. Payments then vary with student loadings according to this
matrix without any additional contract modifications.

The Air Force maintains control over the quality of the training in
several ways. During the development stage, Air Force representatives
attend the Engineering Design Review and the Critical Design Review.
Subject-matter experts work on site to advise the contractors regarding
whether the curriculum satisfies the requirements. These subject-matter
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experts have no authority over the contractors but may report their
perceptions of the curriculum to their Air Force superiors. In
addition, some contracts specify experience levels for the instructors. %.5

Contracting officers for the Air Force characterized the C-5 con- .
tract as one lacking the usual adversarial relationship between the
contractor and Government. The project progressed smoothly with few
changes. Several unanticipated problems arose during the development of
the training system, however, that required close attention. Students
appeared without the specified experience. This amounted to a change in
the ground rules upon which contractor performance was based. There
were delays in obtaining GFE, especially instrumentation. Finally, the
Air Force needed to expand the potential throughput matrix to include
enrollment levels below the anticipated level.

Historical Perspective

On a somewhat whimsical note, it is worth commenting that contracts
have not always been voluminous. Undoubtedly, the current world is very
complex. Agreements, however, were not always precisely defined. Good
will and common sense on the .part of all parties to a contract were
assumed to be present and sufficient to resolve most problems. An
example of such a Government contract from the beginning of this century
is included in appendix C. It is small, has an imprecise specification,
and would probably be orders of magnitude larger if issued today.
However, the contract succeeded and history was made.

Conclusions

The Navy's ship-handling training contract and the Air Force TCT
program approximate the type of contract envisioned under the training-
services option. These examples of the training-services option illus-
trate the potential cost and time savings to be achieved under this
alternative acquisition strategy. These examples do differ in several
important respects, however, including contractor risk and modifying
equipment.

Contractors indicated that they much prefer the Air Force program
because of the reduction in risk to the contractor achieved by
separating the procurement of devices from the purchase of ongoing
services, such as maintenance and instruction. There seem to be no
benefits to sh-titing this risk entirely on to the contractor. The
contractor st ±I faces the possibility that the Navy will choose not to
exercise the options in the contract. The option years thus provide an 0

incentive for the contractor to perform to the Navy's satisfaction.

The Navy did not fully anticipate the need to incorporate H
provisions for modifying equipment in contracting for the ship-handling
trainer. In that case, the generic nature of the simulator makes
modifications relatively straightforward, allowing the Navy to contract 0
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for the additions by making a one-time, relatively modest payment per
additional ship type or operating environment. Modifications of other
types of training devices may be considerably more complex and
expensive. The Air Force TCT program anticipated the need for modifica-
tions engendered by changes in operational equipment and included provi-
sions relating to modifications in the original contract. Table 3
highlights key differences in comparing the Navy ship-handling and Air
Force C-5 training contracts.

TABLE 3

COMPARISON OF SHIP-HANDLING AND C-5 CONTRACTS

Navy ship- Air Force
handling C-5 program

Ownership of Contractor Government
equipment

Pricing Fixed fee Separate procurement
per student of trainer

Number of 414
option
years

CONCLUSIONS AND APPLICATION TO CURRENT TRAINER PROGRAMS

The training-services approach offers the most promising alterna-
tive to the traditional procurement process for Navy training systems.
This approach to training is well established in the commercial sector
and there are contractors willing and able to supply this type of ser-
vice. Existing regulations do require some cost studies before adopting
this approach. The regulations do not discourage the approach,
however. The benefits of the leasing and bundling of training devices
and support options are more uncertain, in part because there are few
examples of tnis approach in either the private or the public sector.
Contractors expressed great reluctance to lease equipment because
leasing shifts the risk of developing training equipment on to the
contractor, with little apparent benefit to the Government.

This study did not identify any factors that rule out the use of
the training-services option for any type of training. The Navy must
anticipate opposition to this strategy, however, because of tradition
(especially with regard to combat training), regulatory impasses (i.e.,
uncertainty about the authority to deviate from established procurement
procedures), and the potential impact on sea/shore rotation ratios.
These problems may arise only if the Navy adopts the strategy on a
widespread basis.
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The differences between the ship-handling training and other train-
ing required by the Navy limits the usefulness of the contract as a
model for procuring other types of training. In fact, no single con-
tract is likely to provide an adequate model for purchasing all types of
training services, because the problems in the implementation of this
strategy vary with the type of training.

The evaluation of alternative acquisition strategies and the
examples drawn from the Navy and Air Force offer guidance in determining
the best procurement method to use in meeting various training require-
m.tLs. A representative list of training devices for the surface Navy
includes operator trainers, maintenance trainers, and team trainers.
Specific examples of these types of training devices include:

" Device 14E35/35C, AN/SQQ-89 operator trainer

" Device 14G1/G1C, AN/SQQ-89 basic sonar operator/basic
diagnostics trainer

" Device 14G2 , AN/SQQ-89 common equipment maintenance
trainer

• Device _0F16, command tactical trainer

" Device 14A12, surface tactical team trainer

" Device 19F series, surface fire fighter trainers.

The operator and maintenance training devices provide training on the
AN/SQQ-89 multisensor systew. The other training devices provide
generic training. The surface tactical trainer and the surface fire-
fighter trainers are both team trainers.

The main considerations in purchasing training services for
different types of training are (1) contractor, risk, (2) type of skills
to be taught, and (3) the anticipated need for equipment modification.
High-risk investments may limit the number of contractors bidding on a
contract and raise the cost of the training system. The types of skills
to be taught affect the difficulty of writing performance specifications
for the training services. These specifications must be clear, to
evaluate proposals and to assess the performance of the contractor. The
anticipated need for equipment modification determines the types of
contract clauses necessary to ensure that training corresponds to opera-
tional practice.

Contractors' perceptions of the risk associated with investment in
a training facility risk depend on (1) the commercial applicability of
the training facility, (2) the nature of the requirement, and (3) the
size of the investment relative to the size of the company providing the
training. The main source of uncertainty in making the investment is
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the budget process. Contractors repeatedly voiced the concern that p
pressure on the budget will eliminate funding for training services,
preventing the contractor from earning a return on the investment in the
training facility. If funding seems assured, because the requirement is
predictable and long term and not clouded by political controversy, then
the risk should be lower. Finally, some companies may be able to absorb
risks with no special contract provisions. This is not an option for
firms for whom the termination of a contract could mean bankruptcy.
Some well-known, established training-services companies fall into this
category.

Ship-handling training, which currently serves as the prototype for
training services in the Navy, differs from other trainers in several
areas that affect risk. MSI invested $6 million to $10 million in the
development of the training facility. The complex can be used to teach
ship-handling skills to commercial clients with relatively modest
changes in hardware and software. Contractors foresee a long-term
requirement for this type of training, with few changes in the types of
skills taught and little disagreement over the need for the training.
These factors reduce the risk to the contractor in investing in the
training facility.

In contrast, the other training devices have few direct applica-
tions in the commercial sector. While states and municipalities conduct
training in fire fighting, the Navy's facility emphasizes fighting fires
on ships. The commercial or nonmilitary market for this type of train-
ing may be very thin. The tactical trainers must be tailored
specifically for the U.S. Navy. The SQQ-89 trainers apply to a specific
type of sensor system. The projected funding for these projects indi-
cates that these training facilities require a greater investment than
the ship-handling facility. If investing in a training facility is
riskier, the Navy must anticipate both fewer bidders and higher costs.

The advantages to the Government of shifting the risk of investment
to the contractor are not clear. The Air Force TCT program offers
another approach to contract training that eliminates much of this risk
without eliminating all incentives for the contractor to perform as
well. The Air Force program clearly merits some consideration as an
alternative to the ship-handling trainer. The TCT program does benefit
from the existence of an outside agency, the FAA, with established
commercial standards. Determining acceptable commercial practice with-
out such an agency may well be difficult.

The type of training varies along two relevant dimensions: (1)
team training or individual training and (2) anticipated changes in the
training skills. Evaluating a team is far more difficult than
evaluating an individual, and so writing a performance specification I
stating the skills to be learned through the training program will be
more difficult for team training than for individual training. The
process becomes more complicated if the nature of the training is
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expected to change frequently. For stable generic training such as
ship-handling, writing performance specifications poses no great
difficulty. Writing a performance specification for a tactical team
trainer may be much harder.

All training devices require modification. For weapon-system-
specific training, changes in the operational equipment mean changes in
the training equipment, ranging from cosmetic changes in the appearance
of the equipment to extensive hardware and software modifications. If
the weapon system has achieved a stable configuration, the contract may
need relatively simple clauses relating to modifications. With the
emphasis on achieving concurrency with the new introduction of weapon
systems, however, adding simple clauses may prove to be the exception,
not the rule. The type and frequency of modifications anticipated must
be considered in writing the training-services contract.

The differences between ship-handling training and the other types
of training found in the surface Navy indicate that using some but not
all of the contractual features found in the ship-handling contract may
be desirable. More specifically, the following conclusions were drawn
from the study:

" The training-services option provides the most promising
alternative to the current procurement process for
training, particularly with respect to the time necessary
to develop the training facility.

" In the examples of training services found in the Navy and /
the Air Force, the potential for time savings arises from
reliance on commercial standards and performance
specifications that free the contractor from excessive
oversight in developing the training system. In addition,
the involvement of a single organization leads to faster
development.

" Contractual features to reduce the risks involved in the
investment in a training system may be advisable and
necessary in the case of training unique to the military
if the Navy wants to interest many different contractors.

" Specification of performance standards requires great care
to avoid contractual problems in evaluating proposals and
in evaluating contractor performance. This will change
the nature of the front-end analysis performed by the Navy
and may require a different type of expertise.
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APPENDIX A

THE NTSC ACQUISITION PROCESS

This appendix describes the acquisition process followed by the
Navy Training Systems Center (NTSC). NTSC organizes a project team to
oversee the acquisition process. A project manager heads the team and
assumes overall responsibility for the procurement. The team also
includes personnel responsible for front-end analysis, budgeting
documentation, design studies, support, and other aspects of the
procurement process.

The NTSC acquisition process consists of four components:

" Analysis

* Development

" Support

" Funding.

The funding component (as well as the other components) was briefly
described in the main text. Funding for training resembles funding for
any other budgeting activity within the Navy, and therefore, is not
discussed further in this appendix. The analysis, development, and
support components have many characteristics that are unique to the NTSC
acquisition process. These characteristics are described more fully.

ANALYSIS

The analysis component begins with the identification of both a

training deficiency and possible solutions to remedy the deficiency.
The sponsor must choose a particular training solution. The project
team then defines the physical and functional requirements of that
training system.

The analysis component prnceeds in three stages, listed below, each

resulting in a set of key doc- its.

Front-End Analysis

* Training Situation Analysis: This document highlights
deficiencies in the present training system and requires 5%

from four months to two years to complete.

* Problem Analysis: This document defines a specific train-
ing deficiency.

A-1
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Alternative Selectior

" Plan of Action and Milestones (POA&M): This document
defines the path to be taken to accomplish the procure-
ment. Upon sponsor approval, the project manager issues
internal tasking assignments.

" Development Options Paper: This paper describes the
possible solutions available for correcting a training
deficiency.

Training System Design

* Military Characteristics (MC): The military characteris-
tics document results from a training situation analysis
of the knowledge and skills required to operate and main-
tain a weapon system or item of tactical equipment. The
development of the MC requires from three to four months
to three to four years. This document establishes the
agreement between the sponsor, the FPT, and NTSC and
requires formal CNO approval. Additional steps beyond
this stage require budgetary authorization.

DEVELOPMW

Duringthe development component, NTSC awards the contract and
oversees the performance of the contractor. The process proceeds in the
following four stages.

Contract Definition

During this stage, the project team assembles the acquisition
package and develops the request for proposal (RFP). The acquisition
package contains all of the data necessary to go to contract. It
defines the Government's requirement and certifies both the funding for
the project and the authorization to spend those funds. The RFP
solicits bids on the contract. -The RFP contains separate sections
describing various contractual requirements. These sections include:

" Device specification

" Contract data requirements list (CDRLs)

" Technical proposal requirement (TPR).

The project manager must also develop an acquisition plan,
describing the contracting activities proposed for the project, and a
proposal evaluation plan, describing the methods to be used for
evaluating contractor proposals. Both the acquisition plan and the
proposal-evaluation plan must be submitted for approval by the Assistant
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Secretary of the Navy for Shipbuilding and Logistics (ASN, S&L). Rou- •
tine approval requires three to nine months.

Source Selection

During this stage, the project team must evaluate proposals and
award the contract. Key events falling in this phase include:

" Bidders' conference for clarification of questions

" Receipt of technical proposals

" Receipt of cost proposals

" Completion of technical evaluation

" Completion of proposal evaluation report

" Contract award.

These tasks routinely require 15 months. The size of the proposals
affects the length of the evaluation period. For example, a 2,000-page
proposal requires six weeks to read. In addition, the RFP must be
synchronized with the budgetary process to ensure that funding
authorization coincides with contract award.

Contract Negotiation

During this stage, the contract specialist must negotiate with the
contractor selected during source selection. Key events include:

" Defense Contract Administration/Defense Contract Audit
Agency (DCAS/DCAA) Audit: An audit of the contractor's
proposal requested by NTSC and conducted by the DCAS/DCAA.

" Pre-Negotiation Memorandum: This document describes the
Government's negotiation position based on the technical
evaluation by NTSC and DCAS/DCAA and requires ASN, S&L S
approval, which takes two to three months. However, a
sole-source justification requires three months to one
year for approval.

" Post-Negotiation Memorandum: This document describes the
results of negotiations between NTSC and the contractor.

Contractor Design and Development

During this phase, the project manager oversees the work of the
contractor to ensure compliance with the terms of the contract. The
contractor must supply detailed integrated logistics support (ILS) data 0
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at the conclusion of this stage. Key events falling in this phase
include:

" Post-Award Orientation Conference: At this conference,
NTSC personnel orient the contractor to administrative
procedures, expected performance, and reporting require-
ments.

" Preliminary Device Configuration Report Review: In this
report, the contractor presents the proposed device layout
configuration and operation.

" Mock-Up Review Conference: NTSC and FPT members review
the mock-up and proposed operations of the device at the
contractor's plant.

" Contractor Preliminary Inspection: The contractor per-
forms complete functional tests of the device in accor-
dance with approved Trainer Test Procedures and Results
Reports (TTPRR), witnessed by DCAS.

" Government Preliminary Inspection: The Government veri-
fies that the device meets contractual requirements prior
to shipment to the training site.

" Contractor Final Inspection (On-Site): The contractor
tests the device in accordance with the TTPRR after
installing the device at the training site.

* Government Final Inspection: The Government tests the
training device at the site.

" Government Acceptance: The program engineer, as the
contracting officer's technical representative (COTR),
with the concurrence of the FPT, signs DD Form 250,
certifying the satisfactory installation and testing of
the training device.

" System Ready for Training: The training system (including
the device, curriculum, and support elements) meets the
requirements of the MC. Upon FPT approval, the user
assumes control of the training system.

SUPPORT

The support component begins with the shift from development to
production, deployment, and support of the training system. This
transition requires that consideration be given to the problems of
supporting the training system early in its development.
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During the analysis phase, the TiS manager assembles a team to
establish, update, and evaluate the ILS portions of the project.
Preparation of an ILS plan begins immediately after project initiation
with a draft ILS plan.

At the end of development, the contractor must supply the following
critical support items:

o Interim Support Items List: This document lists the spare
parts recommended by a device manufacturer to be procured
by the Government for use during the interim period from
acceptance of the device until the establishment of normal
supply channels.

p

o Maintenance Tools and Support Equipment List: This docu-
ment lists the tools and test equipment recommended during
the interim period.

o Technical Data Support Package: This document lists all
data necessary to enable the support personnel to meet the
operational and maintenance concept.

e Logistic Support Analysis: An analysis generated by a
device contractor that forms the basis for determining the
logistic support of a device.

The original equipment manufacturer provides logistic support during the
initial support period. Then the successful bidder under the Contractor
Operation and Maintenance of Simulators (COMS) program assumes responsi-
bility for support of the training device.

A-5
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APPENDIX B

THE PRINCIPAL-AGENT PROBLEM AND GOVERNMENT PROCUREMENT POLICY

INTRODUCTION

This appendix provides a general introduction to the principal-
agent literature in economics. This literature provides the theoretical
rationale for the assertions made about the relationships between risk,
incentives to perform, and bidding found in the main text.

The principal-agent problem falls within a branch of economics
concerned with situations in which economic agents have access to
different information. In the principal-agent problem, the principal
delegates some action to an agent. The outcome depends on both the
effort of the agent and a random state of nature. The principal only
observes the state of nature and the outcome; the agent's effort is
unobservable. Economists refer to situations in which the outcome of a
transaction depends on information known to only one party as the pro-
blem of moral hazard.

In the classic example of a principal-agent problem, a landlord
hires a tenant to farm his property. The crop depends on both the
tenatit's efforts and the weather. The unce-tainty associated with the
weather means that the landlord cannot unambiguously infer the agent's
effort from the level of output. This means that in developing a
compensation scheme, the landlord must consider the agent's incentives
to work.

One way to motivate the tenant is to make his compensation depend
at least partially on the level of output. This shifts some of the risk
from uncertain weather from the principal to the agent. The optimal
level of effort for the agent depends on the degree to which the
principal shares the risk. The optimal contract from the principal's
point of view must balance the need to motivate the agent to work
against the desire to share some of the risks.

Several extensions of the principal-agent problem clarify some of
the tradeoffs between risk and incentives to perform in the design of
Government-procurement contracts. Weitzman [B-l] examines the problem
of designing an optimal incentive contract. Both a fixed-price contract
and a cost-plus contract are special cases of an incentive contract.
McAfee and McMillan [B-2] introduce bidding into the principal-agent
framework. They show how incentives to perform must be balanced against
both risk- .,ring considerations and the willingness of contractors to
bid on con-.its. Lambert [B-3] extends the analysis in a different

direction, examining the principal-agent problem when contracts last for
several years.
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THE STANDARD PRINCIPAL-AGENT PROBLEM

The standard principal-agent problem addresses the question of
designing the optimal contract in the presence of both uncertainty
(which makes risk sharing between principal and agent desirable) and
moral hazard (which requires the principal to consider the work incen-
tives of the contract). Early formulations of this problem used a
first-order approach in which the principal chooses the optimal risk-
sharing contract or incentive scheme subject to two constraints. The
first constraint requires the agent to receive some minimum level of
utility. This constraint reflects the assumption of an outside market
for the agent's services. The second constraint requires the agent to
be at a stationary point with respect to choice of action.

Subsequent research descr!bed in Rogerson [B-4] and Milgrom [B-5]
demonstrated the limitations of this approach. In particular, the
second constraint requires only that the agent choose an action at which
his utility is at a stationary point. A more general approach must
instead require the agent to take utility-maximizing actions. By
ignoring second-order conditions, this approach cannot provide generally
valid qualitative conclusions about the Pareto optimal or efficient
contract. Additional research, however, has identified classes of
situations in which the first-order approach is valid. The extensions
Qf the standard model considered here fall into these categories and
make use of the first-order approach.

In the formal model, the principal is risk neutral or risk averse
with utility function over income u(y) where u is strictly increasing,
concave, and twice continuously differentiable. The agent is strictly
risk averse with a separable utility function defined over income and
actions given by v(y)-a, where a is effort and v is strictly
increasing, strictly concave, and twice continuously differentiable.

The agent chooses an action or level of effort from the set a.
This action, given the state of nature, produces an outcome, x, measured
in terms of a cash-flow to the principal. The set of possible outcomes
X is assumed to be finite where x = (x11, .xn). The probability of
outcome j occurring, given action a is p.(a). This probability is
assumed to be positive for all possible 9alues of a and j and twice
continuously differentiable.

The contract, s, between the principal and agent specifies the
payment to be paid to the agent conditional upon the observed outcome
x. The utility functions U(s,a) and v(s,a) denote the expected utility
of the principal and agent given the contract s and action a chosen by
the agent, where

n

U(s,a) =£ P.(a) u(x. - S.)
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and
nS

V(s,a) Z 1 P.(a) v(s.) - aj=1 -I

A contract is efficient if no contract exists that gives the principal
higher expected utility and gives the agent at least Vo, where v0 is the
guaranteed minimum expected utility level of the agent. With these
assumptions and definitions, the efficient contract emerges as the
solution to the following maximization problem:

Max U(s,a)

s, a

subject to

V(s,a) 2 V0 VO.
and

V(s,a) V(s,a) for every a E A

The first-order approach substitutes the simpler requirement that
the action taken by the agent define a stationary point for this
requirement (i.e., aV/3a = 0 at the particular values of a and s).

INCENTIVE CONTRACTS

Defense procurements typically specify some variation of an incen-
tive contract. Weitzman [B-I] applies the principal-agent framework to
the problem of designing the optimal incentive contract. Under an
incentive contract, the Government uses a linear payment schedule under 0
which the contractor receives a fixed fee plus some proportion of pro-
ject cost. The psincipal's payment, P, equals a fraction X of realized
costs, c, and a fixed fee, d, and is expressed as

P = Xc d

where (1 - X) is the agent's share of project costs. Weitzman explores
the efficient incentive contract by characterizing the optimal sharing
ratio X.

Under a fixed-price contract, the contractor agrees to a fixed-
dollar price, which, once negotiated, will not be readjusted to reflect 0
actual cost experience. Every dollar saved creates a dollar of profit, ",
and the contractor's incentives to reduce project costs are strong.
Because the firm also bears the risk of higher costs, the Government
must compensate the contractor with a fee that includes a higher
profit. Under a cost-plus-fixed-fee contract, the Government pays the
contractor a fixed fee based on a percentage of estimated cost and also 0
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agrees to reimburse the contractor for any cost overruns. The risks to
the contractor of unexpected cost increases are low, as are the incen-
tives to keep costs down. In general, an incentive contract falls
between these two extremes and offers the possibility of striking a
balance between the positive incentive effect of a high sharing ratio %
and the negative risk effect.

&

The agent or contractor must determine the best response to the
incentive contract faced with uncertainties about realized costs. The
contractor's net profit, w, is described by

ff = P - c(O) + W0

where c(8) denotes realized costs, 8 denotes the state of nature, and
ifQ denotes profits from other activities of the contractor. The availa-
bility of w0 gives the contractor the discretion to reduce project costs
at the expense of profits from other activities. The agent chooses its
discretionary effort after uncertainty about realized costs resolves
itself. The maximum level of other profits M8 (c) depends on the state
of nature 8 and realized costs c(e). The firm's best response to the
contract maximizes H (c) - (1 - X)c with respect to c (and implicitly8#

with respect to action). This implies me(c) = (1 - X)

If x is less than 1, the contractor must cover some portion of
unexpected project cost increases and earn a fraction of any cost under-
runs. The higher is X, the lower is the agent's incentive to reduce
project cost at the expense of other profit.

The principal or Government must choose X and d to maximize U(y),
subject to the constraints that the agent receive some minimum level of
expected utility vo and that the agent is at a stationary point. More
formally, the efficient incentive contract (X*,d*) satisfies the con-
straints

Max U(- d - c ())

Xd

subject to
V(d - (1 - X) c (X) + H6 M3) V0  (B-I)

and

M; = (1 - X) (B-2)

Equation (B-2) determines c(X) and M(X). The optimal d emerges as
the solution to (B-I), given c(X) and m(x). Expressing c, d, and M as
functions of X allows the optimization problem to be reduced to
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max [U (-d(X) - X c (X))} p

The first-order condition for the simplified problem yields the
optimal sharing ratio, X*, where:

X = I[ -1+ C/C)

In this formulation, E measures the responsiveness of project costs
to changes in the sharing ratio, and c. , i = U or V, is the weighted

average project coust with weights equal to the product of expected .
marginal utility of income in each state and the probability of occur-
rence of that state.

Using this expression for the optimal sharing ratio, Weitzman
demonstrates several propositions about the optimal incentive
contract. Increases in the principal's risk aversion result in a larger
share to be paid by the agent. Increases in the agent's risk aversion
result in a smaller optimal share to be paid by the agent. If the 0

principal is risk neutral and the agent risk averse, so that C /_
V U

exceeds 1, a ceteris paribus situation with lower cost variance

reduces C /U . This means a less risky distribution of c, is

associated with a smaller value of X and a larger agent share. 0

This theory implies that the optimal sharing ratio depends on such
features as uncertainty of costs, risk aversion of the agent, and the
contractor's ability to control costs. Not surprisingly, when the
contractor enjoys greater discretion over project costs, as measured by
£, he should be made to bear a greater share of those costs. If the 0
contractor can do little to cut costs, the theory suggests that the firm
be freed of the burden of the risk, in which case it can be paid a lower
fixed fee. This implication relates to the assertion made by the
contractors that the source of the risk lies not in cost uncertainties
but in funding uncertainties over which they exert no control. Contrac-
tors are willing to accept fixed-price contracts (accepting the risk of 0
cost uncertainties) but prefer up-front payment for the investment in
the training facility.

McAfee and McMillan [B-2] also examine optimal incentive
contracts. They extend the analysis by including a model of bidding.
The standard principal-agent problem addresses the tradeoff between
incentives to perform and risk sharing. The bidding model introduces a
new effect that reinforces the risk-sharing effect. In this situation,
the agent must determine both the profit-maximizing choice of effort (to
reduce costs) and the equilibrium choice of bid, given the form of the
contract. The principal must choose the sharing ratio to minimize
expected payments while taking into account each agent's response in 0
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terms of both bidding and effort. In determining the optimal sharing P
ratio, the principal must recognize that higher ratios encourage
increased effort by the agent to reduce costs. At the same time, higher
sharing ratios decrease bidding competition and risk sharing.

The model defines the incentive contract in terms of the agent's
bid, b, and realized costs, c. Letting P continue to represent the
principal's payment,

P = b + X(c - b)

This formulation defines a cost-plus contract when X = 1 and a
fixed-price contract when X = 0. The fixed fee becomes irrelevant in
this model because competition between bidders implies lower bids for
higher fixed fees.

The realized costs for firm i, ci, has three components:

C. = .+ 8 - h(a)I

where c. equals expected opportunity costs including any risk premium,
8 is a random variable representing unexpected costs, and h(a) repre-
sents the dollar cost of actions to reduce project costs.

The optimal sharing ratio solves a constrained optimization problem
in which the risk-neutral principal minimizes the expected payment under
the contract, given the potential bidders' optimizing responses. The
risk-averse agent selects the expected-utility maximizing choice of bid,
b, and cost reduction, a, given the sharing ratio. The agent's choices
can be treated separately by considering first the expected utility-
maximizing choice of effort if awarded the contract and second, the
choice of bid under a symmetric Nash equilibrium.

The condition characterizing the expected-payment-minimizing choice
of X requires the principal to set the marginal benefit of increases in
I equal to the marginal cost of increases in X. The marginal cost to
the principal of increasing X results from the moral hazard effect.
Increases in X result in higher expected payments due to a reduction in
effort by the agent to lower costs. These variations in costs with
respect to variation in X may be expressed as

3(h(a) - a)/3,

or the marginal return to the agent's cost-reducing activities due to a
change in X, which the firm captures.

The marginal benefit to the principal of increasing X results from
two separable effects of changes in X on the agent's actions. As X
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increases, expected payments to the agent decrease through a risk
sharing effect and a bidding-competition effect. Together these effects
equal the effect of changes in X on the agent's expected profits or:

At the optimum, one obtains

44

3 (h (a) - a)/ax = 3(E(wi)W/ax

The bidding effect operates even if the agents do not require a
premium for uncertainty. fanis analysis provides a theoretical basis for
the assertions by contractors that the uncertainty associated with the

use of option years creates an incentive to perform that must be weighed
against the possibility of higher costs and fewer bidders.

One implication of this model is that a cost-plus contract is never
optimal. Whenever X < , the agent must bear a fraction of any in-

creases in contract costs beyond the level established by the bid. As a
-esult, firms with higher expected costs must submit higher bids. In
contrast, under a cost-plus contract, a high-cost firm has no incentive
to bid more than a low-cost firm.

In addition, the fixed-price contract is optimal only in the
special case in which the number of bidders becomes very large and they
are risk neutral. These results add support to the recent emphasis on
fixed-price contracts but suggest that the use of incentive contracts is
preferable, particularly with a view toward increasing competition and
bidding for contracts.

MULTIYEAR CONTRACTS

The previous models implicitly assume a one-period horizon. The
use of option years in a contract introduces the possibility of using
the outcome in one period to assess the agent's unobservable effort.
Indeed, in the extreme case in which the principal-agent relationship

lasts for an infinite number of periods, the principal can completelyeliminate the rcts b est A tiepseof in which production is
separable across time and states of nature are independent over time
demonstrates this point.

With these assumptions, if the agent chooses the level of effort
that is optimal from the principal's point of view, that is, the first-
best level of effort, then variations in output depend solely on varia-
tions in the state of nature. Because states of nature are indepen-dot
dently distributed over time, output is independently and identically
distributed over time. Furthermore, as the number of periods increases,
the variance of average output declines. The principal can detect s
shirking by comparing average output to the level of output to be y i c

expected if the agent exerts the first-best level of effort. With an
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infinite horizon, the uncertainty is diversified away, eliminating the
incentive problem.

Lambert [B-3] examines a two-period principal-agent problem that he
generalizes to any finite horizon. In a finite-horizon mcdel, the
principal cannot completely eliminate the incentive problem. In
particular, if the agent enjoys good luck in the first period, and
second-period compensation depends on the outcome in the first period,
the agent may exert less effort in the second period.

However, Lambert shows that the optimal second-period sharing rule
depends on the first-period outcome. In this model, the principal
chooses the contract, s, at the beginning of period one to maximize
expected utility over the two-period horizon. Again, two constraints
limit the choice of contract. First, the agent must receive some mini-
mum level of expected utility over the two-period horizon. Second, the
agent's strategy must be a best response to the principal's contract.

The principal selects a contract, st, specifying the compensation
of the agent in each period. The compensation scheme can depend on any
jointly observable variables. In particular, second-period compensation
can depend on first-period performance, measured as a cash-flow xt .
This cash-flow is assumed to be known at the beginning of the second
period. The principal's strategy can be represented as

SP = fsl(x 1 ), s 2 (xlx 2 ))

The agent selects an action, at, which together with the state of
nature a determines x . The agent's effort in period two may depend on
past performance, so that the strategy may be represented as

SA = {al,a 2 (xl))

The utility functions U(y) and W(y) represent the preferences of
the principal and agent over income. These functions are assumed to
satisfy typical continuity and concavity conditions. In addition,
these functions are additively separable by period. Income received
in period one is available for consumption only in that period. The
agent's utility is a decreasing function of effort, so that V(y,a) =

W(y) - c(a).

When both the principal and the agent precommit to a long-term
contract, the principal's problem becomes

Max U(s,a)
(s,a)
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subject to

V(s,a) > V0

and

V(s,a) > V(s,a) for every a C A

The assumption of separability in both production and utility means
that there is no reason to make the solution to the principal-agent
problem, (st, a ), depend on past performance in the absence of the
incentive compatibility constraint. In this simplified model, the
presence of moral hazard alone requires the agent's compensation to
depend on past performance. Furthermore, with the incentive compati- 0

bility constraint, the structure of the contract provides the only link
between the agent's action in period two and performance in period one.

Using a dynamic programming approach to determine the agent's
strategy and simplifying by assuming that the agent's choice of effort
in each period can be represented by his first-order condition on effort
allows the constraints characterizing the agent's behavior to be written
as

£ W2 (s 2 (x 1 x 2 )) a{p 2 (x2 1a2 (x1 ))}/3a 2 - /c2 (a 2 xl))}/ga 2 = 0

and

I {W (S1(x1)) + E(V2(s2(xl,x2) a 2(xl))}

a(p 1 (x 1 a1 )}/aa1 - a(c 1 (a 1 )}/a 0

The agent selects second-period effort so that its effect on
expected marginal utility of income is equal to the marginal disutility
of effort. The agent selects first-period effort in the same way but
must also consider the effect that a. has on second-period effort and
second-period income.

The principal maximizes expected utility subject to these
constraints. The principal's maximization problem may be rewritten as a
Lagrangian problem with multipliers for the effort constraints and the
expected utility constraint. Lambert demonstrates several propositions
relating to the signs of the Lagrange multipliers. First, the agent's
second-period compensation is an increasing function of second-period
cash-flow. Second, given a positive multiplier for the first-period
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effort constraint, the second-period sharing rule depends on the first-
period outcome. The principal uses both current-period and future-
period incentives to motivate the agent's effort in each period. The
second-period incentives reinforce the first-period incentives in
encouraging the agent's effort during the first period by making both
first-period compensation and expected second-period utility depend on
the first-period outcome.
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cthefr, as foLlows, via:

That 600191101 4611VowY Shall bo nedo on or beore, Aug%" t

As',. ITT. All supplies end materials furnisihed end workc done tinder this contract "hal, before
beang accepted, be srubject to a rigid inspection by an inqpector appointesi on the pert of the Government,
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Arr. VI1. 7liat in t-am. of the v of the mid contractor it) lierf lie stipulations of this contract

within the time and1 in the matnner specified above, Article. I to III, ineltwivc, the. Airl party of the fir*

part may, insteadi of waiuingr further for deliveries tinder the provisions of the preceding article, supply

the doeflcy by purchase in open market or otherwim, at such place am may be selected (the artilm.
soprocurted to be the kind herein aspecified, as near an practicable); and the mid contractor alil be

charged with the incrrased mot of the supplies and materials so purchased over what they would have

mot if delivered by the contractor on the date they were received under such open-market purchase. 0

AsT. II, It is further agreed by and between the partiea hereto that until final inspection Mad

acceptance of. and payment for, all of the supplies and maerIl and work herein provided for, no prior
ipct. payment. or act is to be Conobved as a waiver of the right of the party of the fihst part to

reject any defective article* or supplies or to require the fulfillment of any of the term. of the contract.

Axy. VUIL The vontractor further agrees to hold and save the United Statee hasruil e. and 4
aginst all andoer ydemand, or dunande, of any nature or kind for, or on account of, Usemueof amy
paetedt invention. article. or procm~ included in the miaterials hereby agreed to be furnished mad work

to be dost under this contract.
Amr. IX. Neither this contract nor any interest heroein shall be transred to any other party or "

partie.. and in case of sach transfer the United Statee may refuse to carry out this contract; either with

the &ranferr or the transferee, but all rights of action for any breach of this contact by mid contractor

anwe rve to the United States.
Amr. X No Membher of or Delegate to Congress, nor any person belonging to, or employred in, the

mailitary service of the United State., is or shall be admied to any shar or part of this otract or to

any benieft which my arise therefrom.

Aar. XL Thait it is expessly agreed and understood that; this contract shall he snneletive until
an appropriation adequate to its fulfillment in made by Coingiees and is available.%

Aar. XII. That this contract sAll be mubject to approval of the Chief Signal O011m, United BMatW

Army.

IN WTMES WHEREOF the pert"e aforesaid have hereut, placed their bands the date Brat

hereinbefore written.
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SIGNAL CORPS SPECIFICATION. NO. 486.

ADVZBTh3ZNT AND SPEOWI1CATtON FOR A HICAVI3RTHAN.AIE PLYIING MACIINX

To mix PvULIO:
So"e proposals. to doplleste will be relWv@i at this oflee unil IS o'eiaek noe em ebrosry 1.

19M1 on behalf of the Basud of Ornlmsanmd FonUiffialiom for fuamishing the Signal Coupe with a
heaver-thanaeir flying mashine. All Prpmosals resolved will be turned over to the Boad at Ordase
and Portlloa"Ie at It fir" smeoling sftowerotebry Ifor it@ .BeIali seime.

Persns wishing to "ebait propoals under this spoollicatl.e om obeel the ecessary forms and
eweloyms by eppllestles to the, Chief Signal Oliuer. United ftaitn Army. Wsr Department. Washington,

D. C. The United 84aim reservee the right to tiniest nay ad ell proposais.
Unlese the bidders animnls the unaufeetarern of the flyleg moehime they iam eltew the eame and

plan ot the Maker.
bronlsmar.-This epedellenaon coenrt the seeltroelooat a dying mambime sepporied entirely by

the dynemlo mentIcof @ the atmospbere ad haring moe beg.
Aamsimes-Tba lying Mmbsles will be asesd only after a oneensstl trial lght, during wbila o

lt wilt cemply with nll requiremnts of thin sps.Iliestlem. No payfents on moment will be made mmdl 0
sftnr the wtrl flight ad sneptasee

Inopmda.-Tim Governmnt reserve the pigot Wo lampeet any sad all prome of massfeelere.
Demast RulitaNxanu

The geeral dimnsions of the Waig uebe will be determined by the samfaegmre,. sabjs to
ths, following coadiltoe:

1. 3i4dmr mtm submit with their propsle the following: -

(a) Drawings to oales ehowiag; the general dimensions ad shape of the lyiel; machine whish,
theyl p-to to build nder this seinton.

(b) Stnament of the speet for whisk it to domigmed.
(a) Statement ot the tee d&@ wase of the supportlng ples.
(d) Staemet ad the Ited weight
(c) Doeselpiom of the engine which wilt be seed for maotv oe.

U)The =^atel ot which the frmme, plase. ad propellere will beoostrantad. PIss eiye
will not be shown to oiher bidders.

S. Ih Is denirable, thet the Eying asehine should be designed en that it may be qelokty ad sanity
asembled ad takesapart ad peeked for trasportation In army waes&. It obhou be capable of
bed mebed ad pet In operating oondiioe in about emn hour. Ia The lying munition mom be designedl to oewry two person having *e oombland weight of about
360 pem"de Wls onflkelest fed far a light of tM miles.

& .The lying masise sheuld be desiged to have a spend o at s leant forty =Ilo per beer In still
sir, bat bidders man abmit quotaeen In their propseels for eom 'depesdLag upon the speed attained
during the t" ialSigt. amerdlag to the follnwing se&le:

40 miles per bomar, 166 per omL.
hemMil , per bo.9 a sat

80mle per hem,4 SpereOWL
37 Mile per heer, 76 par mL.
So miles per hear, lo per meat.
Less thea W mils per bee r ejosmd.
41 mIleO POP beer. 110 per ml
411 Miles perhbow, Is*per ms.
45 mls per beer. 1go per am
" Miles per har,. 146 per ML

SL The @peed amemepilehed din0in the trial light will be denmadby taking as everme of the %l
Urn ewe, am etd seam at mew than ay"~ssne n with the wind. The tirn ill be When
by a lying 01-1% pessing Me WU Pttaelo& at fell speed at beth ends of the mm.es This test subjest
ton numb additional detalse e the, MWe Signal O)Ieas ot the Army may reermbbe as t ime,

L 9 S assptinee a trial andurese Eight will be required at at Iwot - bomw daring whih done
One lying =mme mom remain mtnmey In the air withot leading. It shell retarn to the shviling
point end lead wilwat any damage tha weuld prevent it Immeiadey starting upon aenabor SL~gt
During thi trial flight at m hMw It =Nm be nsemod in all direelnen withot dlfleety and at al tdmes
nader perlest emtrol aad equllwarlm.

7. Thre trials will be allowed for speed se previded for In paragraphs 4. T L7hree trials far
dederse e prowde far In paragraph S. and bet m o m be somplesed withl. a period of thirty
deja frem the, detestf delivery. The expese of the tote in be borne by the menfemrr.Te ph=
at delvery to the government and tria Sit will be a Fent 11yer. Vhrglaim,

L. It should be en designed as in semed In ay matry wigh may be msemlared in Gold servit.
The dealing devis maost be simple sad, troomperale. It shemid ehe lend In a bid without requiring7-
a speelaly prepaeda spot and without damaging Its strneture.

9. It ebeeld be provided with enm* devise to permit of a sate deset inn o an s *eldem&to the P
propellang Mmimery.

10. It shoeld be silntly simple sInts mestruation ad aoetalo to permit an ImialligesI mans 1
heesme prollelt Is i% em within a ressmable length of tdme.

l11. Biduders mom fornish evidlenen that the Government at the United Slates bee the lawful right to
us all patented deviems or appertemncome whirh may be a pert ot the lying Maltime sad That the
amantasmerot the ylg mashleom aathorisedto eomyttesamtothe Gove MRnmn T1his refers
to the nrestiesd right to see the Blig Mumbles mid to the Government. bet does na" eamplat the
modiest" perehase of peteet rights for dopienting the flying mnehlee.,

IL. Bidders will be required to fermi.. with their proposal a enriled oheek amonUcg to tam
per mas of the prime stated har the 40-lile epood. Upon aking the award for this flying meehine
thesemrItSd abeks will be returned to the bidders. and Che onantal bidder wll to required to ternis
a head, aenendiaglto Army Regultions. of the amount equal to the prie sated for the 40.milesepend.

IL. The primn quoted In prepemal mom, be ndemntood to latd" the lestruetlen of two s in the
bundinag and eperaios of this lying meehiam. No e ta hit for this survie will be allowed.

14 BIdderen mm the Urne wbh will be required fo delivery after vmnpt of order.
JAXEN ALLEN.

ha~dor Goural, Ch' Signal Offrnt ef I% Armyl.
OmAs. Gvuwm,

WAwIarOW, D. C., Dm&sr All IMF.
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